A reduction in predator-induced grazing pressure may be a mechanism that facilitates the formation and persistence of harmful algal blooms. Here, the hypothesis was tested that the heterotrophic ciliate Favella ehrenbergii would use avoidance behaviors to reduce encounters with the toxic bloom-forming alga, Heterosigma akashiwo. Using video and image-analysis, population distributions and three-dimensional movements of F. ehrenbergii and H. akashiwo were quantified in triplicate, hourly for 11 h, at nine horizons in a 1-liter experimental column. The salinity structure in the column was manipulated to include a halocline, resulting in layer formation by H. akashiwo. The ciliate's vertical distributions were restricted to high-salinity waters below the halocline, while H. akashiwo was broadly halo-tolerant and could occupy the whole water column. When observed together, F. ehrenbergii did not avoid layers of H. akashiwo. In the presence of H. akashiwo, F. ehrenbergii mortality rates were higher than in either no prey or beneficial prey controls. Swimming behaviors of F. ehrenbergii were erratic, in response to H. akashiwo, compared to aggregative movements in response to beneficial prey, indicating either a behavioral response or the effect of H. akashiwo toxicity on the ciliate. The inability of F. ehrenbergii to avoid H. akashiwo enhanced predator mortality and may contribute to the survival of the harmful algal bloom species, ultimately promoting the formation of H. akashiwo harmful algal blooms.
Harmful algal blooms (HABs) can be detrimental to marine ecosystems, human health, and fishing economies. Blooms of the toxic raphidophyte, Heterosigma akashiwo (Hada), have been found globally in temperate coastal waters (Smayda 1998) . These blooms can be ichthyotoxic, causing mortality in both caged and naturally occurring fish populations (Honjo 1993; Khan et al. 1997) . Sublethal effects, including the destabilization of cellular defense mechanisms in oysters (Keppler et al. 2005 ) and altered respiratory activity of mammalian cells (Twiner et al. 2004) have been observed upon exposure to H. akashiwo. Although there is no consensus on the mode of toxicity for H. akashiwo, possible modes include the production of reactive oxygen species (Twiner et al. 2001) , mucus (Nakamura et al. 1998) , and neurotoxins (Khan et al. 1997) .
Phytoplankton population dynamics are driven by the relative rates of cell growth and loss; formation of an algal bloom can result when population growth rates exceed loss rates. It is unclear why many HAB species are highly successful at frequently forming mono-specific blooms. Hypotheses on the mechanisms of bloom formation include vertical migration (Smayda 2002) , allelopathy (Granéli et al. 2008) , eutrophication (Anderson et al. 2002) , and pelagic-benthic life cycles (McGillicuddy et al. 2003) . Another possibility is that HAB species have a greater grazer resistance than other phytoplankton species. Heterotrophic protists are the main consumers of marine phytoplankton biomass, consuming on average 50-60% of phytoplankton production (Calbet and Landry 2004) . Low protist grazing pressure could, therefore, shift the population dynamics from net loss to rates of rapid accumulation. Low grazing pressure has been suggested as a possible mechanism of HAB formation (Strom et al. 2001; Tillmann 2004; Irigoien et al. 2005) . Experimental evidence on the grazing response of heterotrophic protists to H. akashiwo is varied. Laboratory research has shown that the heterotrophic dinoflagellates Oxyrrhis marina, Noctiluca scintillans, and Stoeckeria algicida feed readily on H. akashiwo (Jeong et al. 2003; Clough and Strom 2005) . However, other protists, such as large ciliates, die when they ingest H. akashiwo cells (Verity and Stoecker 1982; Clough and Strom 2005; Graham and Strom 2010) . Thus, while some predators readily consume H. akashiwo others die or avoid feeding on this HAB species. In the field, H. akashiwo blooms have been associated with low heterotrophic protist grazing rates (Verity and Stoecker 1982; Kamiyama et al. 2000; Menden-Deuer et al. 2010) . Moreover, heterotrophic protist grazer abundance was reduced during a H. akashiwo bloom (Kamiyama 1995) . Therefore, both laboratory and field studies suggest that low grazing pressure may be an important contributor to H. akashiwo HAB formation.
The measurable, grazer-induced mortality rate is a community-level average of many individual-level predator-prey interactions; different types of interactions can result in similar population abundances. For example, low grazing pressure may be due to low predator abundance caused by mortality, avoidance behaviors, reduced ingestion, or a combination thereof. Moreover, not all predatorprey interactions result in consumption. Nonconsumptive effects on predator-prey population dynamics, including prey selectivity or prey avoidance, can have consequences that may change predator or prey behavior or growth (Lima 1998; Schmitz et al. 2004) . Each type of interaction has different consequences for HAB population dynamics. Predator mortality or avoidance of the area reduces overall grazing pressure on all prey species. On the other hand, prey selectivity reduces predation pressure only on the avoided species and possibly reduces resource competition among algae, favoring the avoided species. Deciphering the nature of these cell-cell interactions provides the opportunity to understand the mechanisms driving average grazing rates and is necessary for predictions of HAB occurrence.
Here we investigated behavioral interactions between H. akashiwo and the ciliate predator, Favella ehrenbergii (Jö rgensen). Specifically, we mimicked the patchy nature of H. akashiwo blooms, where bloom patches are bordered by low HAB abundances that could theoretically provide a spatial refuge for the predator. In the laboratory, we created a halocline structure that induced layer formation of H. akashiwo and measured F. ehrenbergii's population distribution and swimming behavior using high-resolution video analysis. We found no evidence that F. ehrenbergii avoided dense H. akashiwo layers, despite increased mortality of the ciliate in the presence of H. akashiwo.
Methods
Culture of microorganisms-A strain of Heterosigma akashiwo (CCMP 2809), known to be toxic to some heterotrophic protists (Graham and Strom 2010) was used for all behavior experiments. Heterocapsa triquetra (unknown origin) and Isochrysis galbana (CCMP 1323) were used to rear ciliate cultures. Heterocapsa triquetra was also used as a beneficial control prey in behavior experiments. We will refer to H. triquetra as beneficial prey and H. akashiwo as toxic prey; however, this does not imply that these are the only prey species that could promote the growth or death of the predator. All phytoplankton cultures were grown in 0.2-mm sterile-filtered autoclaved seawater (FSW), enriched with f/2 nutrients (Guillard 1975 Experimental set-up-To quantify population distributions and movement behaviors, a 30-cm-tall, 5.5-cm-wide, 800-mL, octagonal, acrylic observational chamber was used (Fig. 1) . The chamber was filled with FSW using a peristaltic pump; this method allowed for the creation of defined salinity structures and eliminated fluid convection in the chamber (Bearon et al. 2006; Menden-Deuer and Grü nbaum 2006) . A halocline was created in the middle of the chamber between two weakly stratified linear salinity gradients, one from 8 to 10 (above) and another from 27 to 30 (below). This halocline was used to induce layer formation of H. akashiwo (Bearon et al. 2006) . The same source water was used in all experiments and cultures.
Three treatments were used to quantify predator-prey interactions: (1) F. ehrenbergii alone, (2) F. ehrenbergii and H. akashiwo together, and (3) F. ehrenbergii and H. triquetra together. All treatments were run in triplicate. Using a syringe, organisms were introduced at the bottom of the tank through silicone tubing with an internal diameter of 1 mm. Cells were introduced slowly at a rate of 10 mL min 21 to reduce stress to cells as well as disturbance to the water column. Phytoplankton cells were introduced into the tank first, and allowed to acclimate for 10 min. Heterosigma akashiwo was added to the tank for an average final concentration of 180 cells mL 21 . In order to observe a final concentration of 50 F. ehrenbergii mL 21 , 2 liters of ciliate culture were gently condensed to 30 mL using a submerged, 20-mm Nitex mesh 15 min before introduction to the bottom of the experimental chamber. Cells were then added to the tank using the same silicone tubing as used for phytoplankton. An equivalent volume of water was added to the control tanks, so that volumetrically the treatments remained the same. To minimize preycell carryover and to maximize feeding motivation, F. ehrenbergii cultures were starved for 3 d prior to use in the experiment. The residual prey in the concentrated samples were enumerated using microscope counts; the concentration of H. triquetra was below the detection limit, and the carryover of I. galbana was , 2 cells mL 21 , or 5000 pg C of total I. galbana biomass in the entire tank, equivalent to the biomass of 1.7 F. ehrenbergii cells (Verity and Langdon 1984) .
An equal abundance of the 12-mm H. akashiwo and 30-mm H. triquetra were offered in terms of carbon content, not cell concentration. Carbon content was determined from cell size (Menden-Deuer and Lessard 2000), the calculated carbon content for H. akashiwo was 134 pg C cell 21 compared to 796 pg C cell 21 for H. triquetra. Offering equivalent carbon abundances ensured that the encounter rates of F. ehrenbergii on H. akashiwo (2.2 cells h 21 predator 21 ) and H. triquetra (2.4 cells h 21 predator 21 ) remained theoretically constant (Kiørboe 2008) . Final concentration in the tank was , 31 H. triquetra cells mL 21 , lower than the 200 H. triquetra mL 21 that F. ehrenbergii were fed in maintenance cultures. Therefore, in F. ehrenbergii experiments with beneficial prey, prey concentrations were an order of magnitude lower than the concentrations used to sustain growth of the predator.
Video capture and analysis-Two infrared-sensitive cameras (Pixelink) with Nikon 60-mm Micro Nikkor lenses monitored a two-dimensional (2D) field of view of 1.5 cm 3 1.3 cm 3 3.3 cm each. The cameras were mounted at a 45u angle with maximally overlapping fields of view to enable reconstruction of three-dimensional (3D) movement behaviors. All filming was conducted with no visible light illumination, to eliminate the potential for light-mediated behavioral responses. In order to view the organisms, the chamber was illuminated with dark field infrared (960 nm) light-emitting diodes (LEDs). Filming occurred at nine, initially random horizons, vertically distributed evenly , 2-3 cm apart. This constituted , 36% of the viewable volume. To calculate the 3D volume captured, we used the Cartesian positions of a subset of cells and calculated the area of a convex hull to be 3.2 cm 3 . Thus, the viewing volume was 3.2 mL per horizon. Each horizon was filmed for 1 min every hour for an 11-h period, resulting in a total of 108 1-min videos per treatment. Video was captured at 30 frames s 21 .
To determine the population distribution and swimming behaviors of both the ciliate and phytoplankton species, all videos were analyzed using the same protocol. The 2D position of each individual organism in each frame of the stereo cameras was determined, using automated ImageJ image-processing software to remove stationary background objects. The threshold was determined manually, so that background subtraction could be automated. The same threshold values were used for all videos. In mixedspecies videos, those organisms that had an area of 20 6 5 pixels were classified as F. ehrenbergii, and those with an area of 5 6 3 pixels were classified as H. akashiwo or H. triquetra depending on the experiment. This size classification was established using the control videos. Abundances were determined by averaging the number of individuals per frame over the 1-min video (1800 frames). Due to the volume of data generated with each of these experiments, only the distributions of organisms at time (t) 5 1 h, 5 h, and 11 h elapsed are shown graphically, representing the beginning, middle, and end of the observation period. The results reported here accurately represent the results observed between time points.
Three-dimensional swimming paths were determined by first assembling 2D trajectories from Cartesian coordinates of each organism in each stereo frame and then joining 2D tracks based on matching space-time occurrence in the two 2D segments. Trajectories from all treatments were determined using the exact same video analysis and trajectory assembly parameters; more details are reported in (Menden-Deuer and Grü nbaum 2006). Swimming behaviors, including the x, y, and z velocity vectors and turning rates were calculated from 3D paths, subsampled at 0.25-s intervals. Turning rate is a measure of the magnitude of the directional change an organism undergoes over time. The vertical velocity component of the speed indicates the rate of vertical displacement of the cell, with negative values indicating downward movement and positive values upward movement. The upper and lower 0.5% of each frequency distribution were discarded before analysis to eliminate extreme outliers. Trajectories from each horizon and replicate were pooled by time point. For F. ehrenbergii videos, only time points that had $ 10 individuals in each replicate and cells tracked for a minimum duration of 5 s or longer were used to measure movement behaviors. Reduced abundance over time limited analysis of F. ehrenbergii swimming behavior in the latter half of the experiment, since greater data density was required to quantify F. ehrenbergii movement behaviors compared to population distributions. Thus, population distributions are reported for the entirety of the observation period, but movement behaviors could only be analyzed from the first 6 h.
Statistical analysis-The Kolmogorov-Smirnov test was used to determine significant differences among the abundance data, as well as among distributions of swimming behaviors. The abundance data are displayed graphically as percent population distribution to allow visual comparisons between time points and treatments. All statistical analyses were done on the absolute abundance data, not the percentages. Mortality rates of F. ehrenbergii were determined from the difference between initial and final cell abundance per time elapsed. A one-way ANOVA was used to test for significant differences in predator mortality rates among treatments. For all analyses the significance level was p , 0.05.
Results
Prey distributions-Both prey species, in the presence of F. ehrenbergii, rapidly formed an aggregation at the halocline horizon (Fig. 2 ). Approximately 36% of the H. akashiwo cells and 42% of the H. triquetra population were found at the halocline after 1 h. Prey cells were found at all horizons observed. While the abundance of cells of both prey species significantly increased below the halocline over time (p , 0.001), the largest proportion of the population was always found aggregated at the halocline horizon.
Favella ehrenbergii distributions-After 1 h, in the FSW control, 47% of the Favella ehrenbergii population were aggregated at the halocline (Fig. 3 ). There were no significant changes in F. ehrenbergii distribution over time (min. p 5 0.10), with $ 40% of F. ehrenbergii consistently found at the halocline. All remaining cells were found below the halocline. No F. ehrenbergii cells were ever observed above the halocline, at salinities , 15.
In predator-prey exposure experiments, F. ehrenbergii did not avoid layers of H. akashiwo. The population distribution of F. ehrenbergii did not significantly change when exposed to a layer of H. akashiwo (p 5 0.12) or beneficial prey (p 5 0.82), in comparison to a FSW control.
When H. akashiwo were present in the tank, , 55% of the F. ehrenbergii population was aggregated at the halocline. The population distribution of F. ehrenbergii in the presence of H. akashiwo did not change over time (min. p 5 0.95; Fig. 3 ). Nearly identical to the other two treatments, 52% of F. ehrenbergii aggregated to the halocline in the presence of the beneficial prey H. triquetra and did not change over time (min. p 5 0.97).
While there were no significant differences observed in the distributions of F. ehrenbergii in the three treatments, we observed significant differences in the abundance of F. ehrenbergii among treatments over time (p 5 0.009; Fig. 4) . Favella ehrenbergii showed significantly higher mortality rates when H. akashiwo were present in the tank (24.4 6 2.8 F. ehrenbergii h 21 ) vs. control (15.4 6 2.5 F. ehrenbergii h 21 ) or H. triquetra (6.2 6 1.9 F. ehrenbergii h 21 ) treatments, signifying enhanced mortality of F. ehrenbergii in response to H. akashiwo.
Favella ehrenbergii swimming behaviors-Swimming speeds of F. ehrenbergii were significantly different among all treatments (all p , 0.001). The magnitude of variability was large, with the coefficient of variation (CV) ranging from 10% to 100%. Favella ehrenbergii swam slowest in response to the beneficial prey and initially the fastest in the FSW control (Fig. 5A) . After 1 h of observation, the mean swimming speed of F. ehrenbergii cells when with H. akashiwo was 737 6 460 mm s 21 , 17% faster than F. ehrenbergii with H. triquetra (607 6 511 mm s 21 ) but 12% slower than in the FSW control (847 6 534 mm s 21 ; Fig. 5A ). For all treatments, swimming speeds of F. ehrenbergii decreased over time. On average, the mean swimming speed of F. ehrenbergii in the control was 26% slower than the swimming speed in the presence of H. triquetra, over the entire observation period. From 2 h to 6 h, the mean swimming speed in the FSW control and in presence of H. triquetra, while different from each other, remained relatively consistent from hour to hour. However, the mean swimming speed of F. ehrenbergii in the presence of H. akashiwo changed over time. Mean swimming speeds increased until peaking at hour three of observation (975 6 496 mm s 21 ). Mean speed then slowed, until it reached a low at hour six (444 6 331 mm s 21 ), which was 38% slower than the mean speed in the control and 4% slower than when H. triquetra were present.
Overall, F. ehrenbergii consistently had the highest turning rates in response to H. triquetra and the slowest turning rates in response to H. akashiwo, with turning rates in the FSW control intermediate between those measured in response to the two prey types. Despite the high variation of turning rates in all treatments (average CV . 100%), distributions of turning rates were significantly different among the treatments (all p , 0.001). After 1 h of observation, the mean turning rate of F. ehrenbergii when H. akashiwo were present was 105.1 6 135.7 degrees s 21 (Fig. 5B) . This was , 20% slower than the mean rate measured in either the control (133.0 6 160.3 degrees s 21 ) or when H. triquetra were present (134.0 6 162.3 degrees s 21 , Fig. 5B) . From 2 h to 6 h, F. ehrenbergii turned on average 7% faster in the presence of H. triquetra than in the filtered seawater control. In contrast, turning rates of F. ehrenbergii in the presence of H. akashiwo continued to be slower than in the presence of either the control (12%) or in the presence of H. triquetra (18%).
Discussion
The ability of H. akashiwo and other HAB species to frequently form dense, mono-specific blooms is puzzling and begs the question, what factors enhance the species' survival rate? A decrease in heterotrophic protist grazing pressure may contribute to H. akashiwo's success. Observing the details of predator-prey interactions provides a mechanistic understanding of the resultant population abundances. To mimic the patchy conditions found in the coastal ocean, where H. akashiwo forms dense surface slicks, the experiments reported here were designed to include spatial structure that would afford the predator refuge from exposure to the toxic alga. Heterosigma akashiwo abundances varied by orders of magnitude across the tank, providing areas where F. ehrenbergii could have avoided interaction with the majority of the H. akashiwo Fig. 4 . Mortality rate (cell loss h 21 ) of F. ehrenbergii in the total water column in the three different prey conditions, no prey (black), toxic prey (H. akashiwo; white), and beneficial prey (H. triquetra; gray). There was a significantly higher mortality rate of F. ehrenbergii in the presence of H. akashiwo than in either the control or beneficial prey treatments. Error bars are one standard error of the mean of triplicate incubations. , and with beneficial prey (gray square). Turning rate of F. ehrenbergii was significantly slower in response to H. akashiwo than either of the controls. Swimming speed varied over time only in response to H. akashiwo, but decreased steadily in response to the two controls. Error bars represent one standard error of the mean and are largely contained within the symbols. Movement data are not shown after 6 h, because too few long swimming trajectories were observed due to F. ehrenbergii mortality.
population. Our results show that F. ehrenbergii did not exploit a spatial refuge that could have reduced its rapid mortality in the presence of the HAB alga. Montagnes et al. (2008) depicted six steps in protistan prey capture: searching, contact, capture, processing, ingestion, and digestion. Despite almost certain mortality as a result of H. akashiwo exposure, our results suggest the toxicity of H. akashiwo does not induce F. ehrenbergii to reduce contact with the toxic alga by avoidance. Over the course of the experiment, the vertical distribution of F. ehrenbergii did not change significantly, regardless of the presence of H. akashiwo, beneficial algal prey, or in the absence of potential prey all together. The inability of F. ehrenbergii to avoid layers of H. akashiwo suggests that F. ehrenbergii does not detect the toxicity of H. akashiwo prior to capture. It is known that Favella sp. will reject captured H. akashiwo cells (Taniguchi and Takeda 1988; Stoecker et al. 1995 ), and will discriminate against H. akashiwo in prey mixtures (Graham and Strom 2010) . However, when H. akashiwo is ingested by Favella sp., mortality of the ciliate rapidly follows (Verity and Stoecker 1982; Clough and Strom 2005; Graham and Strom 2010) .
The inability of F. ehrenbergii to avoid the toxic H. akashiwo has important consequences for our understanding and ability to predict HABs. Regardless of the lethality of H. akashiwo to F. ehrenbergii, our results show that the herbivore remains in the area occupied by H. akashiwo. If feeding were to continue, it is likely that feeding selectivity could remove other algae. Such selectivity would have a twofold benefit to H. akashiwo: first, selective avoidance of H. akashiwo would promote further accumulation of H. akashiwo cells; second, because H. akashiwo has a relatively high nutrient requirement (Smayda 1998), the removal of cooccurring phytoplankton could decrease nutrient competition, further increasing H. akashiwo growth rates. Furthermore, we observed that the F. ehrenbergii population died rapidly (14.5% h 21 in the presence of H. akashiwo), which would result in a rapid reduction in grazing pressure over time. If H. akashiwo has a similar effect on other predator species, the HAB alga's net survival rate should increase relative to competing algae that do not negatively impact their respective predators. Thus, the toxicity of H. akashiwo provides this alga an effective defense against predation even when predators are not deterred from the immediate area. The inability of F. ehrenbergii to avoid H. akashiwo could, therefore, benefit HAB formation and persistence, through multiple mechanisms including mortality and feeding selectivity of the predator.
There is evidence that Favella sp. will consume low concentrations (, 200 cells mL 21 ) of other toxic algae such as Heterocapsa circularisquama or Alexandrium tamarense, without significant changes in growth and survival rate from those observed with nontoxic species (Kamiyama 1997; Kamiyama et al. 2005) . However, increases in abundance of H. circularisquama increased the mortality of Favella sp. (Kamiyama 1997) . This positive correlation in toxic prey abundance and resultant predator mortality suggests that grazing can adversely affect HAB species biomass accumulation when algal abundances are low. Thus, as long as HAB abundances are below the predator mortality threshold, grazing could prevent HAB formation. The consequences of severe toxicity reported here may only apply to instances where algal abundances are high (. 1000 cells mL 21 ). Investigating the transition from HAB concentrations that can be tolerated and grazed upon to concentrations that adversely affect protistan predators could provide insight into the mechanisms of H. akashiwo toxicity to protistan predators.
Favella ehrenbergii exhibited prey-specific changes in swimming behavior. In response to H. triquetra, the ciliate showed more aggregative swimming behaviors (e.g., slower speeds and faster turning rates) compared to the FSW control. Increasing aggregative behaviors is an effective mechanism for remaining in a resource patch (Davis et al. 1991; Visser and Thygesen 2003) . Our results agree well with previous work where aggregative swimming was observed in F. ehrenbergii in the presence of beneficial prey (Buskey and Stoecker 1988) . Despite these modifications in movements, an enhanced aggregation of F. ehrenbergii to the beneficial prey layer was not observed, which may have been due to the low abundance of H. triquetra, insufficient to sustain F. ehrenbergii growth.
The behavioral response to H. akashiwo was more complex, undergoing shifts, including dispersive and retentive swimming behaviors. Because F. ehrenbergii experienced significant mortality in the presence of H. akashiwo, we cannot determine if these changes were a behavioral response or a physiological consequence of toxicity. Previous work observed erratic swimming of Favella sp. in the presence of the toxic alga Alexandrium tamarense (Hansen 1989) . The observed changes in F. ehrenbergii swimming behavior in response to the HAB species, whether voluntary or induced by toxicity, would ultimately decrease the encounter rate of predator and prey. Given the high mortality of F. ehrenbergii, it is questionable, however, whether these behavioral modifications were effective. These results support the idea that exposure to toxic phytoplankton species may lead to changes in heterotrophic protist movement behaviors, ultimately altering encounter rates.
The structuring function of salinity was a key aspect to our experiment, where F. ehrenbergii distributions were restricted to higher salinity waters below the halocline. In previous experiments, F. ehrenbergii was able to cross a halocline with a four-part difference in salinity (Jonsson 1989 ). Yet, our results showed that with a stronger halocline, F. ehrenbergii was excluded from lower salinity regions of the tank. This indicates either intolerance to lowsalinity water or an inability to cross the salinity density gradient. Given this restricted distribution, F. ehrenbergii could not access a large portion of the tank that was significantly lower in abundance of the toxic prey species. This physiological restriction on the F. ehrenbergii distribution in the tank, coupled with the broad halo-tolerance of the HAB alga, enabled H. akashiwo to occupy depths void of the predator. Thus, strong haloclines could prevent F. ehrenbergii from co-locating in areas where toxic phytoplankton may exist. This physical barrier would further benefit survival of the toxic alga, and impact the success of HAB formation and persistence.
Exposure to light is also an important factor in influencing plankton behavior and vertical distribution. These experiments were deliberately conducted in the dark to eliminate light-mediated behaviors. Layers of H. akashiwo still form in the light, under similar salinity conditions (Bearon et al. 2006) . Our own preliminary experiments showed no significant difference in H. akashiwo distribution in the presence or absence of light (data not shown). Therefore, H. akashiwo distributions would be unchanged in the light. If the ciliate were positively phototactic, increased aggregation of the ciliate at the halocline would result, further increasing its exposure to H. akashiwo and possibly ingestion rates (Strom 2001; Jakobsen and Strom 2004) . Our results indicate that co-location of these two species led to the mortality of F. ehrenbergii. Thus, all currently available data suggest that our results would be qualitatively the same, if the presented experiments were done in visible light, and the conclusion that F. ehrenbergii was unable to avoid H. akashiwo would remain.
Our results highlight the importance of deciphering the underlying predator-prey interactions that mechanistically identify why certain population dynamics arise. Decreases in heterotrophic protist grazing rates on phytoplankton may facilitate the formation or enhance the duration of blooms. There are both lethal (toxicity) and nonlethal (avoidance) mechanisms that can lead to such decreases in grazing pressure. We hypothesized that F. ehrenbergii would avoid dense layers of H. akashiwo to avoid mortality induced by this toxic prey species. Instead, we found that F. ehrenbergii did not exploit a spatial refuge nor show avoidance behaviors toward the toxic alga, and died rapidly in the presence of H. akashiwo. The inability of F. ehrenbergii to utilize an avoidance behavior significantly enhanced its mortality rate. If these laboratory observations apply to conditions in the ocean and other predators and their potential HAB prey, predator-prey interactions may constitute an important factor in deciphering the success of harmful algal blooms.
